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(57)Abstract: 

PURPOSE: To provide a driving means to suppress 
generation of the oscillating current when a handle is 
returned in a motor control circuit of an electric power 
steering device using an H-bridge circuit. 
CONSTITUTION: An FET 1 is driven at the duty ratio 
D1, and an FET 3 is driven at the duty ratio D2 larger 
(longer in terms of time) than the duty ratio D1 of the 
FET 1, and when the motor current is in the balanced 
condition, the motor current I is expressed by an 
expression including the duty ratios D1, D2 I=Vb/R{l- 
(KTcoret/yVb)].D1+KT/R(a)ret-co) f where D2 is defined by 
the primary function of D1, i.e., D2=a.D1+b (a, b: 
constants), and a, b are determined based on the driving 
condition. The relationship of the duty ratio D to the 
motor current I has no discontinuous part even in the 
region in which the motor angular velocity co is smaller 
than the motor angular velocity caret when the handle is 
returned, and generation of the oscillating current 
(noise) can be suppressed. 
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(57) [BJR] 

[ffl£] FETl fc^JX— F-fJtDl rlKttU FE 

D2 **tfS;r^*>Sn-S. D2 £Di CD— #<DMffc 
D2 = a • Dl+b (a, biXJ&k) rj6«U flSfi^ 
mtS^Ta, b i. *-4r«*I««T 

©Kt-SSn, I (cMT£f^-r-fJ£Di 

I =Vb / R {1- (K T o> ret /rVb)) • Dl +K T 
/ R (a) ret-co ) 0 






1 

ft <k t^ffl $ n/c * - dr e> am u fcttttmmtcc 
I^^rxf? y >^a* £ 
©m**w»r *7 -y - zwn&st&mx.'fcMto 

¥mt$m* 4m*H?vv ^cmm u r « j& u/c ^ y 

atieiT * 2 7 - a *««-r £ 2 ffl 1 

© 5 n 1 <dt — Avmrnwrn+zmzmmmmic 

m^^x&mzti&zB 1 <d-t^ ~ t~ a j±© p wMiift 

IBttU m2CDr-A(D^^^mifB^lCDf r ^- 
^-Y J:teDMK*r3S« ^n^>^2cO-r^-^'Y tb© P WM 

[ ft*3S 2 ] fulB v -Y - y ^ joai^acc ^ -y - K 
^•^^^ti^^-^mSK^tHffltJ. ifE^2©f^- 20 
r -Y JtrifljE $ ft S C <h it^ fl|JR3l 1 f BifcDH 
7-Xf7'J> ^S©fM®I£tBo 

[0001] 

> ^ssoimpttai cc bit * . 

[0 0 0 2 ] 

[«£*©««] *wffl©*tt><9-*?-7y>y*«cc 

«^T*»lffih^^*©ffi**fflO, *©tftffl«-»«cai 30 

r * - * omr a«ffl-r * tmmm%%m *a» 

t5PB»fflr*S«ttffl8WS^ffl<!:-=e- *W*©tt!iMI<fc 
b flISfeftOffllfflK: ct 0 * 

[0003] c©J:5ftmste£>w-X7*7 y>^»« 

ETl ~F E T 4 *^';^^CC8«L/t:»l&iy» 
2©2o©7-A£m/cH^y ^03g£^&U * 40 

[0 0 04]flt, «rE*"^«WfflliaB«r«JiJETiH 
^ y ^ ^@ffi<D5l>«:*ffiJT£ 2 OCDT - A £tl£j&T £ 
211«(DFETO^, S1O7-A0FET1 (gc 
li«»2<07- A©F ET2 ) ^H^IJ©Jffl&c:S^^r 
&^3ft£f r a-r^I:bD©PWM{i-sf <^\>I/*WKBI 
»#) -C-ffittT^cttCcfc*}, *-^«ll©^:*S3WW 

[0 0 0 5 ] *fc, WE«»IWW«©?WK»^TSI 50 



WHPF8 - 3 3 7 1 7 2 

2 

2©7-A©F ET3 *ON* HlCD7-A©FET4 
£OFF (gct>«3l2©7-A©FET3 ^OFF, m 
1CD7-A(DFET4 £ON) CC$fJ®JT& C thCC <fc 0 , 

[0 0 0 6 ] F E T 3 tmmVMlCih mtftte 
FETl. *-fM, FET3 SrJSTSfeft, *-*MtC 
iE:£ft©«S6#SEft£. £ fcH 2 ©7 — A © F E T 4 

1S(JFET2 v *-*M. F 
ET4*JSrfiteft, -t-^MCCfit^lfiJOSfife^Saft^. 

[0 0 0 7 ] C©*-£SHj®[p]Sg«;, ffl— 7-A±©F 
E T#l*|H$fc:jEtt3 ft £ c tifitii^WT ~ J*ifiW&Z 

*i*W«tt3WB<, AWIttJWHr^aE), JE<*Jffl3tir 
c>£ (— «<t UtMf5 - l o 2 7 0^#R#M) o 
[0008] 

[*B*JjB«L<fc5i«IBi] B8tt. 

Dtcommt, H8tc*jt^i» (a) r^T<fc5(C^Yt 
*-3f©«I!»B«ffl[r*satte»SWB^ffl[I ref 

$ft, a«6ffis?}g^ffl i ref 47Y- F^^sns* 

»T^> ^ a - f- -Y tb D ffi^: <fc 0 . teJM<D3»tt 

[0 0 0 9 ] ^f°J/>> KJU*W-3fca % 

-fe;U^7^>f >y > h YfrfteX *)Wk\p\^y hVUjWKit 

*-^r«:i»em*^*T5/c«), 

-YtbDtcDl»««, H8cc*5t>r« (b) 
TJ:^CC iKB«*CcfflSTS^W±*Cc»«gEYtO, 

t- hb d t commt ^fmm^^ c h . 
[ooio] — * % 7 -r - ^ftms&\tmssmm 

fflE ^ril^U^: fift»6*SJ»*g^ffl I ref ^C^t 

j£T*f ? 3.-'f--fJtD3Wft^fc«>, H8CC*5d»riB 
( c ) TT^Tct 5 Oc. d?«SK I ©^FitiH«B»«c«« 
^j£Ufc«ffl©^*«^«aWfBMilE i LTtB^^ft 

So 

[0 0 1 1 ] C©J:5«cJi«Wata>«4tt % JS^Ofgfife 
«t«jr4«*7Y-KW^ $ ijsp coS^tt * P1ST H 
B<h4>fr£©"T\ ^-CD^tm^^6ftri^c 0 CCD^BJ 
«±IBI^M ^r8?^T ^Ci^g^ifl)^©^^ 

[0012] 



(3) 

3 

a t tttu s ntt* - z mmm* h m% u tcmmm'mmc 
? y ^ ^ini&gcDSCi > oc^iDj-r £ 2 oco r - a £tgj£f £ 

^JtCDPWM{f#riE«jU JB2©7-A©¥2»{** 

-^gtriaifi \<dt"=l-t-j uc&m&x&s. zft&m2<D 

[00 13] BJK7>- F^**l«*KCc:7 

[0014] 

Cffffl] *-^K«iBB*«l«-r*H^y>^ia»OE 20 
l>CC>tffrir & 2 o<£>7 - AZffim-? h 2ffl 1 fficD^gf* 

«c»r*i»T«5£S*t*JI! l <Dx:x- T^JtOP WMf 
#r|g»0. ^2cDT-A(D^f*^^mjfBlll©f r 
^-^^J:b©M^r^^n^^2(D7 ::: ^-^^J:b(DP 

t^KK r )V >? ifimt. L rt » I > «38© eh * , x a - f- 

<k©IB«K:^aj|ttB»)as^cs C < > WfifWQMB 
E t LT»lWK3lWUl*Sti**j*ti3&Ja:^. 30 
[0015] 

[9GKM] BIT. C©«H«aOI[««coi*ritt?B-r*. 
*"T\ H 171MH3«:<J:0, c©»9§*liifrrsccai, 
fcW^9-^f7l) >^SH(D«B*HI8-r4. HI 

»ifij*tt©*-fay Fsccjs^sftroa. *42icfcttft 
fa^> l ot&flfc h;u#£#lfcBT£ F;i/^-fe>if 3#s 
HfcffcftTfctK */c, »l6**»B6rS*-^ 1 40 
^^9, ^iI^T4^/M,rli2CC|^bri^ 0 
[0016] JiV-X<?T y>^*SK*»Jffl'r4«- : f-M 
©11881 3« 4 -K^f-'J 1 y^i/3> + - 1 

l^ItlWtt^n^ *T-«»l§IBl 3tt, h;i/ 
^■fe>^3r«ffl3nfc»jKh;U^<b»jSi2>lf 1 2r 
tfcfcti 3 n/c*a«l»^lir Htt6ti8Bg«ffl<D«»*fir 
j»»snfcatt6»«BB*ffl[«:*^ir*-^ l 0tc 

[0 0 17] ^^^^9««-T-W«aBl 3CCJ:0W!BI 
£*i& 0 ^v^^9«M«cDtb{m«r*«g^ur*5 so 
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4 

STOCKS ft fcB$. M^OFFi^on^B? 

tctpjiiisfts. 

[0018112^ K^-MMIB 1 3 ©yp y ^dT 

[0019] HT\ H^SWHB 1 3<7)««6itt^«:Si 
93*-*. h^^-fe>^3 35p6A*$ti/cSR«6h^^fi-^ 

1 2^#mstiitwtt>mMmm&a 

S^2 2^A*$n^ 0 

[0 0 2 0 ] awmnfs^ffl»ffS2 A^£ft& 

fflr*^a»E»8Wg^fflI ref *«»T&. 
[0 0 2 1] £b«S2 3 , ?*#»{Xg2 4 % ttflffiSfflES 
2 5, S#i8»S2 6, 3MJW2 7*6«J5SStiSlHli8 

*mtf>mmffimm&m i ref cc-^ct^> ^ 

[0 0 2 2 ] tbl5^2 3 Ttt. ttffiMWB^flnilW2 
2t?«JI3n/cM»B«ffl'C*Sa«e»«|}S^fflI ref 

[0 0 2 3 ] tbMS»^2 Sfl9SI6}&^fii I re 

*©«tt*««r*A:«?>«»«iitS2 e«c*j^ra»s 

[0 0 2 4] »»«A92 4-Ctt, SfltlflftJg^ffi I re 

JKMBWg^flll ref (D»»«3lSffl*StlS. 
[0 0 2 5 ] flt^iffS2 4^6tH*Sti3rc«*filW8ftJg 

^ffi i ref cD®^ii, J;b«i}s»g2 5^e>ffl*sn/ca 

2 7 cctot^ttUKKJItsn. jS»*Smr&^SSfe6fliBJffl 
E^-=e-^3|g»j[DlgS4 ltcU*Sn*. ^-^Cc?jfcn^> 
*i«tt*- *«»t»ffiHI»4 2CC<t0tttHSti*. 

[0 0 2 6 ] H3CC^r-^*jaJIa|3g4 1 <D«fi5E©— 
^To 5rW1»lllB4 1 «JDiSg2 IfrhKftZtitc 
mi&ffl'&mElfCm-J^X F ETl -FET4 (30^- h & 

igKj-r^y- bsmm%4 6, feti-fet4^6 

47ttFETl, FET2 (D^-tV A FflH*IHKrrS« 



(4) 



8-3 3 7 1 7 2 



[0027] FETl <bFET2 tefufBO/cmtffSi 
ECtS^T&^ft&^a-f-mD 1 CDPWMff-^ 

[0 0 2 8 ] FET3 iFET4tt, T^-f^itDl 

<fc 0 £<D!3iffc#ft$aSDT ON/OFF 10 

[0 0 2 9 ] F E T 3 ^3|jlttJffitC* 5 i # tt, ttffifiS 
FETl, ^r-^10, FET3 , tStSRl «:Srj* 
ft, ^-^10 tCiE^CD^^n^ 0 g/c, F E T 
4 *iz»a«ffi«: «»ttFET2 . *-dr 1 
0, FET4 . tg£xR2 ^Jgtign, ^-£10K;ft}7 . 

[0 03 0] ^-a?^g£^fflHS§4 2«, JJSIaRicDi^ 
•ccfeWS«E»TCc*rJiiriE*fil«*©^:*S** 20 

(H2#I) o 

[0 0 3 1] C©«§8©»»»»'r**, F E T 

3 £FET4 ^mriBO/c-ra-f-^tbDl ©l^OHtt 

sr^g^n^>^~T-^i:bD2 ©pwM<i-«rcffiMrr 

[0 0 3 2 ]fc aW^JK^l/i^i-TSBHCcte^ 
Tttl80/c<fc^tC, »fa^>FJl/*Wo/cSL -tiiyr 30 

mmmtzmz'^F frm*) mat. *-znwti 
^-r-jitDtcommx. wsias^x (t>) r-^-r^ 

^ v 7*-f-JlkD<Dfa&&<DttVfrc*:- 1 if 5 
SJEtt* Pl^*r £ i fc & 3 . 

[0 0 3 3 ] CCD^i It, **Wt'tt, SufBO/t^ 40 
ttftl ira-f^hDi OP^^im ( b ) <D± * 



*<tjsuSo £ ih J: sec, ^-^mffiii^^ 

[0 0 3 4] CCT\ fi£*©IE«&;frffi© J: 5 K F 

E T 3 (X(iFET4 ) £ t PWM«*WH«:J:0« 
5££*i&*-*©HK#fflccj£DTON (X&OFF) 

CC«»-r*M»*1*-J\ FETl (XteFET2 ) iff] 

[0 0 3 5 ]B5«FETliFET3 4, IHESfCC* fi 
ol^fa-f^ tbrlKSS u fc^©«M¥*tffl»T * 
it*0, SEfcHBttFETOftmWBi^-^ifrf-IBI 

[0 0 3 6 1 4, FETl ^r^-f-rtbDl rBtt 
SiJtCC. FET3 &FET1 ©^-f'^JtDl <fct) 

fijL, FET2 <bFET4 «OFFCC#ftJ#T^4>©i-r 
(a) (b) [iFETlM'FET3 CD 

mm *c*t r & o n / o f f ©tKffi u r i » s c 

[0 0 3 7 ] CO<t#; ^-^fflflfflWEVMttiae© 

(c) ©cfcstc^fc-r*. bp*, a*r % fetimf 

E T 3 ^iCON (CCDtSJB*^- FAiPf-fe) ©<b£ 

^. ^CC % FETl #OFFT>FET3 **ON (t©(* 

«CCtt*. $6fCFETiMFET3*i*8COFF 

■¥1B«:«fi*|fi|©^^^y«BE-Vb sWEpanStiS. IP 
•*3, KCr«. FETlMFET3^(COFF 

xfo&tctb, -t-^MKttEls (b) ttKTJ:5k:. ffi 

taR L -FET4 am*LV4*- F D T4— ^ - £ M— * F 
ET2 CDIeIi^>f^- FDT2-m^CS^mSlHl^^ 

^$n. *-^M©M-¥-ia«EEVM wftfrfflflD^yf-y 

[0038] FETl <b F E T 3 ^rfWIB#Cc, loSfeS 
x-n.-r-W tbrfgtt It^t-^ SSSjWffitKSWc * o/c 

©SC ( 1 ) CCJ:0»-rci^r*5. 
[0 0 3 9 ] 



( 1) 



1= { (D1+D2 -1) • Vb/R} -K T co^R • • 
flU Dl ^^^.-^-YibDl , D2 «r r ^-'r-Yi:bD ^ [0 040] ^^-^^^02 ^^-^YtbDl (D 1 
2, Vb fckr?^yWE, R«-=e-^^raJ6ln, K T ^OKUSiltStfc^ i^T©S ( 2 ) ^^If^> 0 

tt*- dKDiB]B«*S», fi)tt*-*flaKSrSf. ^ [0 04 1] 

D2 = a • Dl + b (2) 

(IU a, btemSk. 50 [0 04 2 ] £ga, b&sftbZftito* £T. MTCDZk 



(5) «fM¥8 - 3 3 7 1 7 2 

7 8 

[0 04 3 ] (1) r^L-r^hbDi = t<£>±£, fa- *«fc-rje«a. b *3R«>*C ifc<fc 0, *p tM&o 

?--fJfcD2 -1 (100%) , flu r«ffiS©8EI8 ^ 1 C i^r ^^ fl 

(2) -r^-x-YJbhDi = 0, = wret (Di^ t I [0 045 ] fa-T 1 ^ ]±Di #r <£ 0 

= 0 Sefe©|g»^ffi, IP*»FET3 (XIJFET 

(it/, cottar- ^ftiSffi. coret a-" > K Jt« 9 B*E>* 4 ) ^««35ftfcJ: 0 ONXttO F FCCiWfBStiSWIB 

[0 0 44] ±fS^ft(l) «H4CCfcC»rf J JE.-^^J;b [ 0 0 4 6 ] WR*tt*«fc'i-Stta , btt. .felTCDK 

Dl =rOit08 (b) ±(7)<$ p ©ffiS^^-T^^ (3) (4) rS$n^ 0 

fr"C&9> ^fr(2) tt04tC*5Ci-C» (b) #JR«5o£*iO [0 04 7] 

a = -K T coret /rVb ( 3 ) 

b = 1 +K T ci) ret /Vb (4) 

C(Dt%<D*:-dimffi> I tt k 3K ( 1 ) <DD2 KS (2) * 

*f^U CftfcS (3) (4) r«S3ti4S»a, [0 04 8 ] 

b^ftALT^SU/cWTcD^ (5) rl-TCiW^^ 

1 = Vb /R { 1 - (K T caret /rVb ) } ■ Dl 

+ K T /R (caret - co) (5) 

5£ (5) CCfcfttf, ^-^miifc I ifa-r -fitDctCD * L -FET4 Offi^^^- FDT4-^e- £M<DJg$cm 

IliSScoret <fc0fc/hSc»^fcfcCirfe^3*KSB»*i 20 42co^-^r>^op R r^to-r^citc^o^e-^^ 

tffci CB) ^HJ^tlS. C(Di#, g$tR L am^<om 
[0 049]!^, FETl ^fi-f ^TtbDl rIBtt E»T**«BtS*^7>^OP l 
U cniWcFET3 £-r^-T--TJ±Di (JtWB) 3t»fil«:Sltti-5««tt*kHJ-r £C 

0^«CC*5liTfe. ^-^m^ Kt^UTT^-f^it [0 0 5 2 ] ^r-FCTIJ. FETl M'FET3^S 

Dl *mffiLX^{t21±2>£±WC% % *mM<Dmm% tcOFF^S/c*, 115 (b) r^-Tct^tC. ffitfiR 

Wi*-rSCi3&sr** 0 L — FET4 ©Hfifey-f*- FDT4— *-5rM— FET 

[0 0 5 0] ±KOfcFET<Dl8tt#ffi*«JBO 2 ©04^^- FDT7-«R«:M-5««HB3&J?BfiS3 

#ffiaoriftwrSo *-r\ FAm fetim -Vb<tfr&„ ccd£^, ^-^Mcc^x.e>nrc^ce 
fet3 *s*ccoNr*syt«>*-^M©sB-fiin«ffiv ax+ji/^imsix+^ccsmstis^fe. 

M^^f'jtEVb i^c^ ^-^ffiras (a) «*-#M©a8^fiBWE- Vb iciiifc S^rfijcc^fife i 

T*«r«TJ:5ec % FETi->^e-^M-FET3- (C) aWi***. S5xR L ©M4S©«E»T€:«Hi-r & 

[0 0 5 1 ]^-FBr», FETl^OFF, FET [ 0 0 5 3 ] C<Dtc&>, P WMft^cr) i ?4 >7)VQ*ttte 

3 #ONTA£fcS&, *-#M(DffiTfa«EVM tt*<t KA, KB, FC<D«SK^aL/T 

^wix^ju^ccasisn, «sk»H5 (a) -cms (6) rstcims. 

r5rJ\fc5K:, ^-^M-FET3 — JgfiiR R ->ffiifi:R* [ 0 0 5 4] 

I = i (A) + i (B) + i (C) ( 6 ) 

— *fl6^tBil8S4 2'C«IUlSn&^tB^a£i (dct) A (7) ©.fcSfefcS. 

«fD(J, *SE i CO^SktBStlSctifcat), WTO^ tfr [0 0 5 5 ] 

i (dct) = i (A) + i (B) ( 7 ) 

PWMfi^<D 1 2>WtcVat\9» i (dct) tfilfMS ♦ (H6#iH) . % «ktti*% i (dct) te«T<D5$ 

ftfcJWfflW:, PWMff^©11f>f *;U*<D*- KAi* (8 ) T^f C iOT^|> a 

-KBcdSBPbIT, C^if^-f ^i±D2 ♦ [ 0 0 5 6 ] 

i (dct) = D 2 • I (8) 



(6) 



S: (8) OTur, wros (9) rstctw** 

I = i (dct) /D2 

( e ) K A , KB, KCCD-SSIS * 

[0 0 5 8] ±SBOfcF E TCDlEtt^S^Sffi L 

-znm&vtaMlcu io 

V= (Ls + R) I+K T co 

©H«3^*o. *-*bhhh«bevm <b*-^si»i * 
[ 0 0 5 9 ] «e*©UfBr«, *ft»KflMflSK:!^3K 

VM = Dl • Vb + ( 1 -D2 ) • 
= (Dl + D2 - 1 ) Vb • • 
S(10) ^SCiiCcI:^ '^^UflSEEVb 20 

<dt - ^(o^mwm^m i o^a- f*-Y Jt©H«rs 

« £ ft £ IS 2 (D - ^ J±<D P WMIff lEtt T £ 4> 
ja6WrWf r a-f*^J:hD2 4^.3.-^ -fit 

[0063] 

«/£-r 3 H ^ y ^^HBKDSCiKiJtfiir* 2 - a 

1 c7)x^-7^^i:l:OPWMfI^r»U, I2CD7-A 
©^zSftsR^-S: fisa» 1 (Df^-f^ Jt<DH»r 8B£ 2 
ft£|g 2 CD-ra fck© P WMfi-^TffittT S fcOT 40 

[0 06 4] ctUtJ:*^ ^>K;l/K0Rr«ci*r»JKh 

^Ofti£~C^ - £ ®fc<b - r it <h ©Paltc^iSiK 

8ft93-r*EL 50 



[0057] 



10 



(9) 



3 3 7 1 7 2 



g&-=e- ^aST-M«EVM VM=Di • Vb (ffi 

L/, Vb =^>f';iE) ^6**rc^c„ cnct*t 

U tCD^Tte, ^1 6 CD (c) tOjrf<£Mt, ^r-£ 
iS^FIHSEEW:* f r ^-T--Yl:tDir-|gSii$ti^^- FA 
©IB»B$|ffl t (A) ffl CC En^D $nS^f'J mBE V b i . 
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